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coNrRoLEFFECKWENESSLOADANDHINGE-MOMENT

CHKE?AC’I!EKETICSOFA TIPCONTROLSURFACE

.-

ONAIELTAWllfGAT A MACHNUMBEROF1.9

By D.WilliamConnerandElleryB. May,Jr.

.,

Em’MAm’

A wind-tunnelinvestigationwasmadeof a semispsndeltawing
havingtheleading-edgesweptback600. A half-deltacontrolsurface,
whichmadeuptheouterone-thirdoftheexposedwingspan,washinged
aboutenexisperpendicularto’thestreetwisepertinglineseprating
thecontrol.Testsweremadewithandwithouta fenceattachedto the
innerwingpanelatthepartingline. Twocontrolsweretestedwhich
differedonlyin airfoilsection.~ additionto determiningthecharac-
teristicsoftheccmpleteconfiguration,loadsweremess ed onthecon-
trolsurfacealone. rThetestReynoldsnumberwas4 X 10 andthefYee-
streemMachnumiberwas1.9.

Theexperimentalrollingeffectivenessofthecontrolsurface
amountedto about85percentofthatcalculatedby lineerizedtheory.
At zeroangleofattackofthewing,thenormal-forceandmomentcherac-
teristicsofthecontrolwerereasonablywellpredictedby linearized
theory.At lowenglesof attack,thecontrol-surfacehingemcment
exhibitedconsiderablenonlinearvariationswithcontroldeflectionand
withsm#e of attack.hstsllationofthefencecausedno significant
changesintheaerodynamiccharacteristicsofthemodel. Increasingthe
leating-edgebluntnessofthecontrolsurfacedecreasedtherolling
effectivenessandcausedno changeinthehinge—momentcharacteristics.

INTRODUCTION

Controlsurfaceswhichextendtothewingleadingedgehavebeen
foundtobe highlyeffectivefromsubsonicspeedstomoderatesupersonic
speeds.(Seereference1.) Suchtypesof full-chordcontrclsappe= ~C
havenoneofthereversalsin effectivenessattrsnsonicspeedswhich
characterizesometrailing-edgeflaps,pr~bablybecausetheeffectiver.ese

—-
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isnotundulysensitiveto flawse’@rationnearthewingtrailingedge.
To learnmoreaboutsuchoontrols,en imestigationhasbeenconducted ‘:
intheLangley9- 37 12-hchsupersonicblowdowntunnelona half-delta
controlmountedatthetipofa deltawingfor a Machnumberof 1c9 ~d.,

a Reynoldsnumberof4 X 106. Similarinvestigationsarebeingunder-
takenby thefree-flightrockettechnique,andacknowledgementismade
ofrockettestdataoontainedhereinsuppLiedby theLangleyPilotless
AircraftResearchDIPisiQu. —

-—

-

—

Thewing-modelleadingedgewassweptbfik60°,andtheouterone-
thirdoftheexposedspanconsistedofa tipcontrolWch rotatedabout
an axisnormalto therootchord.In an attempttominimizepossible
gapeffectscausedby deflectingthecontrol.surface,testsweremade
witha fencemountedattheouterendofthewingpanel.Controlsur-
facesoftwothiclmessesweretested.h scmi6instancestheresults

---—

havebeencatnparedwithcalculatedcharacteristics.

—

CKEFFICIETKPSANDSYMBOLS
—

liftcoefficient‘Lift().7.

dragcoefficient‘Drlr
(, )Q3

()Jgpitching-mamentcooffIcient
qse

.—.

()Lrolllqpmmentcoefficient“—
2q,Sb

()
N

yawing-momentcoeff’iclent
2G —.

.—

Cn

M1

—

-.
--

.

ofpitchingmamentabcmtcenterof area
exposedwing

L rollingmomentabo~.taxisoffuselage

y- mmnt aboutu =Is perpendicularto .
fuselagecenterline
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control-surfaceforcenormalto
chordplane

control-surfaceforcechordwi.se
surfacechordplane

control-surfacepitchingmment—

controlsurface

alongcontrol

(hingemoment)
aboutcontrol-surface pivotaxis

bendingmcmentaloutrootChad

wing-tip helixangleinradians

()%8
controldeflection

CT
P

chefficlentof dampinginroll

free-streemdynsmicpressure

of controlsurface

perdegree

exposedsemispanwingerea(19.94sqin.)

control-surfacemea (2.151.sqin.)

localchord

meanaerodynmnicchordofexposedwingarea
(5.55ti*)

meanaerodynamicchordof controlsurface
(1.827in.)
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twice distance fmin fuselage axis towingtil

12.37in.)

spanofcontrol
(1.570in.)

localthickness

engl.eofattack

sm”face&cm partinglineto tip

measuredwithrespectto free,-
stresm tirection‘“-”

control-surfacedeflectionmeasuredwithrespect
towingchcmd@sne ,infkee-streemdirection,
degrees

.. -.

Reynoldsnumberbasedonmeanaerodynamicchord
ofexposedwingarea

Machnwiber

Subscripts:
— -----

a slopeofcurveofcoeffici.entplottedagainsta

(

d% dCZ
-,

~? =9 )
andSO forth

—
slopeofcurveO;coefficientp.loihedagainitb

(

‘d% dCz
z’ z’ )

andSO fol%h

MODEL

Thesmtem ofaxesis shownin fimre1. ThesemisDanmodelof
deltaplm”-formhadtheleadingedge&ept back600=nd> correspond%! .
aspectratioof2.3. A fuU-chordcontrolsurfaceweslocatedatthe
wingtip. A photographofthemodelmountediS shownas.f@re 2 and
theprincipsldimensionsaregiveninfigure3.

Themainpaneloftheting(innertwo-thirdsoftheexposedspsn) --
wasa flatplate,3 percentthickatthe“fuselageintersectionand
9 percentthickattheoutboardend. Theleadingandtrailingedges
werebeveledtowedgeprofileswithincludedwedgeengles(psral.lelto

.

-.

.
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airstreem)of

5

6.6° and15.4°,respectively.Theleading-edgewedge
was motifiedby a smellnoseradius,endthesharpbreeksin centour
weremodifiedby a slightfairing.

Thecontrolsurface(outerone-thirdoftheeqosedsysn)was
separatedfrcmtheinnerpanelofthewingby a streamwisepertingline
androtated alouten ads perpendicularto theroetchord.Theexis
waslocatedat 63~ercentofthecontrol-surfacerootchord.Thebasic
controlwascomprisedof3-percent-thickdouble-wedgeairfoilsections
measuredparsU.elto theairstreemmotifiedby a 0.9‘percent-chord
leading-edgeradius.A discontinuityin drfoilthicknessexistedat
thepartinglinebetweenthecontrolsurfaceandmainpanel.R’rors
infabricationintroduceda slightcsniberinthe3-percent-thickconcrcl
witha mexhm displacanentofthemmn linenearthepointofmaxirnm
thicknessamountingto aboutO.h percentchord.An alternatecontrol
surfacewastested,identicalinpl.emformtothebasicsurfacebut
havinganairfoilsection7 yercentthickwiththemexinmnthicknessfar
forwtid.

. Fencesof
attheparting
(fig.2(%))●

two.differentsizes’weretestedonthemah wing~enel
llnebetweenthemainwingpanelandthecontrolsurface

A fewtestsweremadewitha winghavingno controlsurfacebut
having9-percent-thicktipsectio~ontheouterone-thirdofthe
exposedwingspan.

Alltests of thewingamdthecontrolsurfaceweremadeinthe
presenceofa half-fuselage.Fuselagesoftwodifferentsizeswere
used,bothofwhichhadthesamenoseshape.Thenosesectionmerged
intoa constant+iametersectionatthestationwherethewingleading
edgeintersectedthefuselage.

TUNNELANDTESTKECHNIQUE
*

TheLangley9-by12-inchsupersonicblowdowntunnel,inwhichthe
presentteatsweremade,isa nonreturntunnelutilizingtheexhaust
elrfromtheLangley19-footpressuretunnel.Theinletairentersat

an absolutepressureof aboutZ& atmospheresandcontainsabout3,
0.3 percentofwater~yweight.

Semispenmodelsarecantileveredfroma 5-camponentstrain-ge+je
balancemountedflushtiththetunnelwell. Thebalancerotateswith
themodel as theangleofattackis changedandtheforcesendmoments -. ..-
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aremeasuredwithrespecttothebalanceaxes.~ measuringtheforces _._..- ~
andmomentsactingonthecontrolsurface,thesurfaoewasconnected
withthebalanceindependentofthewingpanelbymeansofa mounting

.—

staffwhichextendedspanwisethroughan intqqnelslot@ themainwing. “--
Thehalf-spanwingmodelsaretestedinthepresenceof,butnotattached
to,shelf-fuselageshimmedout0.25inchframthetunnelwall. The
finitegayexistingbetweenthewingandf’uselageisbelievedto haveno ‘-‘ -

...=

influenceontheflaploading.(Seereference2.)
—

ThedynemlcpressureendtestReynoldsnuniberdecreasedabout5 per- ~
—

centduringtheccmrseofeachrunbecauseofth decreasedPessure.of__
theinletair. Theaveragedynmicpr6ssurewasu.8 poundspersquare –
inch,andtheaverageReynoldsnumber,baf3edon themeanaerodynead.c
chordoftheexposedwing,wask.O.X 106.

-.—-.

Mach

ERECISIONOFIUWA

Ii?ee-streamMachnumberhasbeencal~bratedat1.90t 0.02m This
—

numberwasusedindeterminingthe&ynamicPessure. Calibration ._. .
testswhichweremadewiththemodelremovAd indicatedthatthestqtic ,
p~essurevariedshout*1.5percentfiaoia mefi’valuefortheregion

+

normallyoccupiedby thewing. A discussionisgiveninreference2 of * -
thevariousfactorswhichmightinfluencethetestresults,suchas

..

hmidltyeffeetsandmethodofmounting. —— A.—

An estimatehasbeenmadeoftheprobable~errorsto~befoundin -
.

themeasuredtestpoints,whenfluctuationsin-thereadingsofthe
measuringequi~ent,calibrationerrors,andshiftof instrumentno-load “.‘“ , _j
readingsexperiencedduringthecourseofeach.testareconsidered.-The
followingtableliststheerrorsthatmightbe exyectedfo existbe”tween --
theteatpointsforeachparticularfigure.

.

-.

.

.
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Controlsurface Controlsurface
wing (initielseries (secondseries

(figs.4 to 9) oftests) oftests)
(figs.13 end14) (figs.15and 16)

Veria%le Error Variable E&Km Variable E&ror

a *().050 a *O.050 a *().050

8 *.~o 5 &*30 5 *.20

% +.003 % *.001 %f *●005

% +.001 CD *.001 Ccf k●010

cm *•001 cm *.001 “c~f *.008

C2 *.0004 c~ *.0002
%

k.015

Cn +.0003 Cn *.0001

It should he notedthatdifferentgecmetricperimetersanddifferent
axeswereusedinreducingthedataforthetwoseriesof control-surface
tests.Theelectricalsystemofthehelancewaserrangedto permit
directmcmentmeasurements~out thewingaxesinthefirstseriesof
testsandaboutthecontrolaxesinthesecondseries.Thistechnique
wasfoundnecessaryto avoidtheintroductionof considerablescatter
inthemment datawhichappearedwhenenattemytwasmadeto transfer
thedatato axesferdistantficmthepointofmeasurement.limnone
modelset-upto enother(changein fence,fuselage,orcontrol-surface
thickness)theaugleofattackcouldhaveUfferedby +O.lO,thecon-
troldeflectioncouldhaveUf feredby *OO4°,ad thefusel%geincidence
withrespecttothewingcouldWe variedby +0~3°= Reyeattestsw-e
madeforeachconfigurationto assessthema@tude oferrors.Static
calibrationindicatednomeasurablechengeincontrol-surfacedeflection
causedby control-surfaceloading.

RESULTS

Figures4 to 9 presenttestdataofthecam.letewingasQots of
theaero~emiccoefficientsplottedsgdtitangleof attackforeach

4 ofthevariousdeflectionanglesofthetipcontrolsurface.Figure10
presentscrossplotsofthese@d@%@’%- thecoefficientsereplotted
~ainstcontroldeflectionat zeroangleofattack.Fuselage

u incidenceisbelievedtohavecausedthedisplacementinthecurves
offigure8 at zerodeflection. .

—
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FigureU. presentsthevariationof therolling-effectiveness
perameter

/
~ 5 withMachnumberasobtained-framflree=flightrocket
m

testsattwocontroldeflections,wind-tucnel.tests,andcalculations
baseduponlinearizedtheory.Therocketconfiguration(unpublished
data)wastestedby theLangleyPilotlessAircraft,ResearchDivisionby
thesametechniqueandsubjectto thesam13ll@tations&stheinvesti-
gationofreference1. Thewingofrocketconfigurationhadthel=ge
fenceinstalledandoperatedataReynol&gnumberofabout10X 106
forthemaximumMachnumberof1.5. Intheregionofthewing,the ‘-’-
rocketfuselagediameterrelativeto theexposedwingspanleybetween
thesmallfuselageandthelargefuselagecombinations.ofthewind-
tunnelconfigurations.Thefuselagenoseoftherocketirehicleextended
muchfartheraheadofthewing. Thewind-tunneltestpointwasobtained
fromanaveragevalueof-theexperimental.rolUngeffectivenessofthe
mall fuselageconfiguration(reportedherein)dividedby anexperimental
dsmpingcoefficient“Czp (fromreference3). “Toaccountfordifference

infuselagediameters,theexperimentalrolli~effectivenesswas _.
multipliedby a factorof1.02,whichisthetheoreticalratiobetween
thespanwiselocationinpercentsemlspanofthecontrol-surfaceloading
fortherocketandthewind-tunnelconfigmatipns.Thej?xperimental
dampingcoefficientincludedthe.effectofa fiselage(havingaboutthe
samedimneterrelativetothewingspanasdidthepres&tconfiguration)
andhada valueof85percentofthatcalculatedfora flat-platedelta
wingby linearizedtheory(reference4). Thecalculationsof ~& by

... =+*
—

linearizedtheoryutilizedthemethodofreference5 to~tain ;he
—.

rollingmomentcausedby controldeflectionandthemethodofreference4
to obtainthedempingcoefficient(ignoringf.~elageeffects)-Figue 12
presentsthelift-dragcurvesof severalconfi@rationsdifferingintip.
thicknessendinthefairingoftheairfoilcontours.

Figures13 and14 presentthedatafirstobtainedforthecontrol
surfacealonetestedinthepresenceofthewingpanelbothwithfence
offandwithlergefenceon. Thecoefflcientsdnthisf~guresrebased
onthewi~ dimensionsandthemomentsaretakenaboutthewingwind
axes.Crossplotsofthesedataat zeroangleofattack..areshownin
figure15 slongwithccmprabledatafarthecmnpletewing.

Thesecondseriesofcontrol-surfaceI;estsweremadeafterfirst
stiffeningthebelancestructure(toincreasetheangle-gf-attackr&e)
andshiftingtheelectricalcenterofthebeleiiiceiatintmeasuring
componentstotheaxesofthecontrolsurface.
testsarepresentedincoefficientform(figs..

Thedataforthese
16 and17) andinclude

.,.. .—
—~.
.—

.—
-—.- —

..-

..- —
,-

.
P..
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normslforce

9

CNq,chordforce Cc@,pitchhgmcnnentaboutthecontrol

pivotaxis C%,’endthebending&ent abouttherootchordofthe

control~f. Crossplotsofthesedataerepresentedin figure18 for

-es ofattackof0°,2°,-4°0 Sincethemod~ hadspetric~
&foil sections,eU anglesandcoefficientscsnsrlitrsrilybe reversed
in sign.Thischengein signmakespossibletheapplicationofthetest
datato covertheconditionofnegativedeflectionanglesforthe
control.ThisprocedurehasbeenfoUowedinpesentingthecross-plot
dataof figure18 to showthenatme ofthecurveshapesinthenegative
rengeof controldeflections.h goingfrannegativeto positivedeflec-
tions,a discontinuityexistsinmostcurvesas a resultofinaccuracies
inthetestmeasurements.

DISCUSSION

“ WingCharacteristics

Controlundeflected.-Withthe3-percent-thicktip,thevslueof
thewinglift-curveslope & forbothfuselageconditionswas
about0.040.Thecalculatedvaluebasedon flat-platetheory(reference6)
correctedby an estimqteoftheadditionalliftresultingfrcmfuselage
upwash(reference7)wasO●047forthea fusel%e~d Os049forthe
lsrgefuselage.Themifium dragcoeffi”cie~twasabout0.012withthe
largefuselageandO=013withthesmallfuselage=B-cd onthelift
endpitching-momentdataoffigures4 to 9,thechordwiselocationof
theaerodynamiccenterwas7 percentofthewingmeanaero@mmicchord
aheadofthecenteroferea. Similarlytheliftandro~in+ymcmentslopes
indicatedthespanwisecenterof~essureto belocatedabout40percent
oftheexposedhelf-spanoutbom.doft~ ~%-fus~%e ~unct~e●

Controlsurfacedeflected.- Deflectingthecontrolsurfaceinthe
positivedirectiontendedto increasethevslueofminimumdragcoeffi-
cientandto displacenegativelythecurvesofpit&ingmcauentplotted
againstsngleof attack.Thedragandymdng-momentcurveswereshifted
inthenegativeemgle-of-attackdirectionsincethetingdragloadat
negativeenglesof attacktendedtobe counteractedby a decreased

-.

control-deflectionloading(controlmoreelinedwfththeairstreem).

Withintheaccuracyofthetestdata,theveriouscoefficients
veriedlineerlywithcontroldeflectionat a = O.O(fig.10). The
VdUOS of %5 and ~ wereabout0.004end-0.0013as comparedwith

-.
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calculatedvaluesof 0.0045 and -0.0015, resp&ctively.=Withregerdto “
rollingmcm.ent,thecurvesofthethreefenceconfigurations(3-percent- ‘..

,.

thickcontrol,fig.10(a)),agreedwithintheqerlmentslaccuracy,and
theaveragevalueof C18 wasO.00076forth6smallfuselageas compared —
witha calculatedvelueof0.00090.Thisexperimentalvaluewasused,
as describedinthesectionentitled%esult%y11to obtaina value .

of ~
/

—
b of0.0058radisnper degreefor M = 1.9 (fig:U.). Thevalue .

of ‘~, whichiS the ~at~o of’ Cl
w

to cl~ (bothba&edontheseine
5

areasndspan),wasingoodagreementtiththeory.The~eement was
somewhatfortuitous,however,sincebothex~riment&lvalues(CZR and —
c~ )

“

wereabout15 percentlowerthanthecoirespondi~calcd~ated -
.—

P
values. ThedataoffQg.rre11 showagreenent_betweentherockettest
resultsandtheoryat supersonicspeeds.

Effectoffence.- Addinga fenceto thewingattheJunctureofthe
wingpanelandthecontiolsurfacedd.dnotappreciablychangetheaero-
dyn-c characteristicsofthewing. Therewasno changeinthedreg
characterstiesorIntherollingeffectivenessofthecontrol(within
theexperimentalaccuracy),andtheuseofa fenceoftheU.mensions

● -

investigatedatthisMachnuniberappearsunwer&anted.
r.

Effectof airfoil-sectionmodifications.-Rmreesingthecontrol-
surfacethicknessfrmn3 to 7 percentandmovingthepositionofmaximum
thicknessfsrforwardincreasedtheminimumdragcoefficientless

—

then0.001(fig.12). Lifteffectivenessofthecontrolwasdecreased._ .-““=
slightlyandwasacccmpededby a 15-~ercontdecrease iu controlrolling
effectiveness. — ,,.’

Whentheairfoilsectionscomprisingtheouterone~thirdofthe
exposedwingpanelwereincreasedfrcm3-to 9-percentthickness(with

—......

thethicknessUstributionunchanged),thominimumdragcoefficientwas ..ti
increasedabout0.002(fig.12). Ihthe~nitielconfigurationofthe
wingwith9-percent-thicktipsections,thewingairfoilsectionswere

—

composedofflat-sideelament”swithunfairedintersections.Rounding
thenoseoftheairfoilIncreasedtheminimumdreg,whereasincorporating
fairingto eliminatesharpbreaksincontourdecreasedtheminimumdrag.
As theliftcoefficientwasincreased,thedifferencesindragforthe
variousconfigurationsdecreased.Theseresultsarefw testswherethe
Machlinelies$.zstaheadofthewingleat~ngedge.

“. -

.
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Control-SurfaceCharacteristics
.

Divisionofloadlmbetweenthecontrolsurfaceandtheinboerd
panelofthewing.-A comparisonoftheslopevaluesforthecurvesof
figures8 and14 givesa measureofthepertoftheangle-of-attack
loadingcerriedonthecontrol.ThecontrolsurfacecoveredU percent
ofthewingareaandcarried18 percentoftheliftloaddueto chenging
angleof attack~a. Hightiploadingwouldbe expected,becausethe

highestloadingon a sweptbaokwingiscarriedontheraysoriginating
franthewingapexwhichlayintheregionoftheleadingedge.The
ratioofthevalueof Cza forthecontrolsurfaceto thevelueof Cla
fortheccunpletewingindicatesthattheliftloadonthecontrolsurface
wasresponsibleforaboutone-fourthofthewing-panelrollingmcment.

.

.

A partofthead~tionalloadingcausedby control-surfacedeflection
wascarriedontheinnerpanelofthewing(fig.15),substentiathgthe
cez’ry-overloadinginticatedinreference5. Theexperimentalvelue
of CL6 was0.003forthecontrolsurfaceend0.~4 forthqccmplete
wing. Thesevaluescompsrewith’calculatedvelues of0.0036end0.0045,
respectively.ThemeasuredCzb vd.ueof0.00068forthecontrol
surfacewaslessthenthepreviouslymentionedvelueof0.00078forthe
completewingwithlargefuselage.

Control-surfaceloading.-Theresultsoftheinitielseriesof
testsinwhichloadsweremeasured.onthecontrolclone(figs.13 to15),
thoughl~ted in scope,indicatedthatthefencehadlittl;effecton -
theloadingofthecontrolsurface.Theresultsofthesecondseries
oftests(figs.16 to18)permita moredetailedanalysisof control-
surfaceloading.

Withthecontrolsurfaceunreflected,thevelueof ~f was

about0.065(v~uecalculatedlylineartheorywas0.078).& the
controlwasdeflected%fa decreasedinvalueespeciallyatthe

highestdeflections.Themomentcoefficientaboutthehingeline C% ,

whichcorrespondsto thecontrol-surfacehingemoment,variednonline-mly
withangleofattackas a resultof a reerwardshiftIn centerof
pressurewhichoccurredwhenthewingwasrotatedficma streenmise
direction.Thiseffectwasnotdefinedathighcontroldeflections
sincetheangle-of-attackrangedldnotincludezeroincidence. .

Thehinge-manentcoefficients3.soveriednonlinearlywithcontrol
deflectionforhighcontroldeflections.(Seefig.18.) ~creasing
theengleof attack~avated thisconditionatleastinthewell-
definedrangeofnegativedeflectionsandappeeredto decreasethelinesr
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rangeofthemmnentcurves.Bothnormal-.Porceandbenting-mcment
coefficientsvariedalmostlinearlywithcontroldeflectionforeach
angleof attack,indicatingthatthechange@ h@ge-momentcheracterie-
ticswobably”wasassociatedwitha changoinloadtistiibutionnearthe ‘‘-
noseofthecontrolroot. Sucha changetnloaddistributioncouldwell ,
be expectedinthisregionbecauseofthediscontinuityinthechord
planeacccmqymyingcontroldeflection.camlinedwitha peekangle-of- .”.
attackloadingneartheleadingedge. ?ncre=.ingthecontrol-surface
thicknessIncreasedthechord-forcecoefficient.Thisincrease,however,
wouldbe oflittlePacticelsignificance&cm desiq co.moderations’
sincethemaximumvalueof chord-farcecoefficientobtainedwasno
greaterthan0.04endwasquitemall whenccanpsredwithnormel-force
loads.Thevalueof ~ wasdecre=edabout10 percent,andthe

f~
hinge-mcm.entcharacteristicsremainedunchanged. — .

A comparisonoftheorywiththeexperimentalresultsforzero
angleof attack(fig.18)indicatesthatflat-@atelinearizedtheory
predictedreasonablywellthevariationofthecoefficientswithcontrol
deflectionthoughthetheoreticalnormel-forceeffectivenesswasnot
fullyrealized. ~

C!ONCZUSIONS

lixxnaninvestigationata Machnumberof1.9 ofa deltawingwith
hslf-deltacontrolfiapintheLangley9-by12-inchsupersonicblowdown
tunnel,thefollowingconclusionsmeybe drawm:

1.Theexperimentalr“ollingeffectivenessofthecontrolamounted
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r
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.
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—

to about85pe;centofthatcel&d.atedby.Lineerlzedtheay. ..-.

2. At zeroangleofattackofthewing,thenormal-force,hinge-
mcment,andbending-mamentcheracteristtcsofthecontrolsurfacewere
inreasonableagreementwithlinearizedtheory.At smellanglesof
attackthecontrol-surfacehingenuxnentexhibitedconsiderablenonlinesr
variationswithcontroldeflectionandwiths@le ofattack.

~.Installationofthefencecausedno significantchsnge”sineither
theaerodynamiccharacteristicsofthecompletewingor@ theloads
andmcm.entsoftheconlrolsurfaoe.
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4. ~creasingtheleading-edgebluntnessandairfoilthicknessof
thecontrolsurfacedecreasedtherollingeffectivenessabout15 percent
endcausedno cheqe inthehinge%KiHEI’M+acteristics.

LangleyAeronauticalLaboratay
NatlonelAdvisoryC!camdtteeforAeronautics

Leng.leyAirFace BasejVa.
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